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Abstract

Approach

This study investigated concentrations of immunoglobulin isotypes IgA, IgE, IgG, IgG1,
IgG2, IgG3, IgG4 and IgM with respect to ethnicity, age and gender across a large
cohort utilizing the Health Facts data warehouse from Cerner. Immunoglobulin
concentrations from 443,442 patients were used, ranging in age from 0 to over 90
years, with varying comorbidities to represent a diverse population. African
American and Asian patients had similar immunoglobulin concentrations to each
other, but both were significantly different to other ethnicities, most noticeably,
Caucasian patients. Apart from IgG1, immunoglobulin concentrations were
significantly different between male and female patients.
Immunoglobulin
concentrations were also dependent on age, with the most significant increase in
concentrations occurring in the early years of life. Although the distribution of IgA,
IgG and IgM concentrations broadened as age increased, most of the
immunoglobulin concentrations analyzed remained stable throughout the middle and
late years of life. Upon further examination, male and female patients displayed
similar concentrations over time for IgA, IgE and IgM, but for IgG, IgG1, IgG2 and
IgG3, female patients had higher concentrations early in life and lower later in life
when compared to male patients. This comprehensive investigation clearly
demonstrates that immunoglobulin concentrations differ according to age, gender
and ethnicity, which is significant and must be considered when deciphering test
results for patient diagnosis and treatment.

Introduction

The Cerner Health Facts database
Data analysis on immunoglobulin levels- De-identified
patient
data
for
recorded
Immunoglobulin
concentrations were extracted and values were then
converted to log10 scale to stabilize variation. Data
visualization was done using ggplot2 (v3.3.3) package.
Statistical test- R (version 3.6.1) programming
language was used for statistical computing and
graphics. R function aov() was used to compute oneway ANOVA test. In addition, to perform t test t_test()
function from rstatix (v_0.6.0) package was utilized.
Reported p-adjusted values are based on Bonferroni
correction.
Comorbidity analysis- In order to record the top 20
comorbidities, we used top 20 high frequency
phenotype codes (diaaTag column) and retrieved its
corresponding comorbidities information from column
diagDescription. Similar approach was used to find top
20 comorbidities for each immunoglobulin for all the
patients as well as for male and female patients
separately.
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African American and Asian patients displayed
significantly higher immunoglobulin
concentrations for almost every isotype

Antibodies, or immunoglobulins (Igs), are a critical component of the adaptive immune
system. In response to the detection of antigens, or foreign macromolecules, B cells
are responsible for the eventual secretion antibodies to combat potential infections or
diseases. The production, secretion and therefore concentrations of immunoglobulins
in the bloodstream are highly variable and regulated by multiple complex mechanisms.
Many disease states are associated with and even defined by immunoglobulin
concentrations. For example, immunodeficiency disorders are the consequence of low
levels of immunoglobulin concentrations while high levels of immunoglobulins are
involved in diseases such as inflammatory diseases and cancers. Accurately
understanding the range of normal immunoglobulin concentrations for each individual
patient is imperative for accurate disease diagnosis. Although factors such as gender
and age have been considered since the 1950’s, previous studies investigating
immunoglobulin concentrations have either used a smaller sample size, focused on
one subclass of immunoglobulins or focused a specific disease state.

Top 20 comorbidities related
to immunoglobulin
concentrations

Goal of study
To investigate the influence of gender, ethnicity and age on
concentrations of immunoglobulin isotypes IgA, IgE, IgG, IgG1,
IgG2, IgG3, IgG4 and IgM in a large cohort.

Immunoglobulin concentrations varied depending
on gender and age

There were no significant differences in immunoglobulin concentrations between the two ethnicities of
African American and Asian apart from IgG. African American patients were significantly higher in IgA, IgE,
IgG, IgG1, IgG2, IgG3, IgG4 and IgM when compared to Caucasian patients, while Asian patients were
significantly higher in IgA, IgE, IgG, IgG1, IgG4, IgM but not IgG2 or IgG3. Categories smaller than 500
patients were removed from the analysis.

Laboratory of Immunogenomics
at Children’s Mercy Kansas City

The comorbidities IgM
presented span
many different
disease states.
Comorbidities
such as
hypertension,
asthma, fatigue
and issues
regarding the
IgA
digestive tract
were all higher in
females while
males had higher
likelihood of
allergic reactions
and heart, kidney
and lung
dysfunction.

IgG

IgE

Female patients had higher median
concentrations of IgA, IgG, IgG2, IgG3
and IgM while male patients had
higher median concentrations of IgE
and IgG4.

The most significantly different age
increment
for
all
the
immunoglobulins examined was 0-4
years compared to other ages. During
the childhood years IgA and IgG
concentrations
dramatically
increased which slowed down in
early adulthood and then from
middle aged through to over 90 years
remained unchanged. In these later
years there was an increase in the
distributions of concentrations seen
for
each
age
interval.
IgE
concentrations reduced from the
teenage years. IgM peaked during
the late twenties and then slowly
reduced over time. IgG1, IgG2, IgG3
and IgG4 increased up until 5-9, 1519, 9-14 and 5-9 years respectively,
with immunoglobulin concentrations
then
remaining
statistically
unchanged.

Summary

In summary, to our best knowledge, this
is
the
largest,
most
diverse,
comprehensive study conducted to
evaluate
immunoglobulin
concentrations.
The results clearly
support the concept that factors, such
as age, gender and ethnicity, as well as
healthy or disease states, significantly
affect immunoglobulin levels and need
to be considered when evaluating
immunoglobulin test results. This is
important
because
correct
interpretation
of
immunoglobulin
concentrations will lead to more
accurately
classifying
an
immunoglobulin concentration as within
normal range or abnormal and therefore
more accurate disease diagnosis.
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